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Abstract 
Stabilization of soils is an effective method for improvement of soil properties and the pavement system performance. Plasticity Index is 
one of the important properties of soil to determine the behavior of soil in presence of water. The poorest soil among all is Black Cotton 
Soil (BC Soil). In Rajkot area this BC Soil is spread over southern part of District. Rich proportion of montmorillonite is found in BC Soil 
from mineralogical analysis. High percentage of montomorillonite renders high degree of expansiveness. These property results cracks in 
soil without any warning. These cracks have sometimes extent severe limit like ½” to 12” deep. Use of this type of land may suffer severe 
damage to the construction with the change in atmospheric conditions. In this paper, BC Soil was tested using three different stabilizing 
agents - 1.Cement waste dust collected from the cement plant 2. Cement Dust + Lime Powder 3. Lime Powder. The cement waste dust 
was found best agent as a stabilizer to improve the Atterbergs’ Limit and hence Plasticity Index of BC Soil as well as the compressive 
strength of the same. Laboratory tests were performed with different percentages of three stages, each of them ranging from 1% to 9%. 
The behavior of BC Soil of Rajkot region was improved with stage no. 1, the percentage of Cement dust 7% of Cement dust in BC Soil is 
looking to be the appropriate mixing. Also in second stage, improvement is shown at 8% of combination of cement dust and Lime 
powder. Third stage was observed a best suited result at 9% of Lime powder in BC Soil. The results, thus obtained in laboratory under 
standard conditions provide satisfactory reason to use the Cement dust as a stabilizing agent for the purpose to improve Plasticity Index of 
BC Soil compare to other two combinations.      
After satisfying result of Plasticity Index, Cylindrical Samples of BC Soil with all three combinations were prepared to check the 
compressive strength of stabilized soil. Moisture content taken was the optimum percentage of plastic limit in each combination. The 
cylinders of size 50 mm in diameter and 60 mm height were tested after 3, 5, 7, 14, 21, 28 days. The relations for these periods were 
established among the use of all three different agents. Compressive strength of Cement dust stabilized BC Soil found more reliable. 
© 2012 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of the Institute of Technology Nirma 
University, Ahmedabad. 
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1. Introduction 
In Rajkot area BC Soil is spread over southern part of District. Rich proportion of montmorillonite is found in BC Soil from 
mineralogical analysis. High percentage of montomorillonite renders high degree of expansiveness. These property results 
cracks in soil without any warning. These cracks have sometimes extent severe limit like ½” to 12” deep. Use of this type of 
land may suffer severe damage to the construction with the change in atmospheric conditions [5]. Soil stabilization is the 
alteration of one or more soil properties, by mechanical or chemical means, to create an improved Soil material possessing 
the desired engineering properties. Soils may be stabilized to increase strength and durability or to relevant erosion and dust 
generation. Regardless of the purpose for stabilization, the desired result is the creation of a soil material or soil system that 
will remain in place under the design use conditions for the design life of the project. Engineers are responsible for selecting 
or specifying the correct stabilizing method, technique, and quantity of material required. This paper is aimed at helping to 
make the correct decisions for the use of work area under the effect of BC Soil. Many of the procedures outlined are not 
precise, but they will “get you in the ball park.” Soils vary throughout the world, and the engineering properties of soils are 
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equally variable. The key to success in soil stabilization is soil testing. The method of soil stabilization selected should be 
verified in the laboratory before construction and preferably before specifying or ordering.  
BC Soils are inorganic clays of medium to high compressibility and form a major soil group in India. They are 
characterized by high shrinkage and swelling properties. This BC Soils occurs mostly in the central and western parts and 
covers approximately 20% of the total area of India. Because of its high swelling and shrinkage characteristics, the BC Soils 
have been a challenge to the highway engineers. The BC Soils is very hard when dry, but loses its strength completely when 
in wet condition. It is observed that on drying, the BC Soil develops cracks of varying depth. Figure 1 shows the typical 
            
 
 
Figure-1 Black Cotton Soil in Natural Dry State 
 
Cracks in BC Soil in a dried state. As a result of wetting and drying process, vertical movement takes place in the soil mass. 
All these movements lead to failure of pavement, in the form of settlement, heavy depression, cracking and unevenness.[1]  
1.1 Atterberg Limits of Soil: 
The Atterberg limits are a basic measure of the nature of a fine grained soil. Depending on the water content of the soil, it 
may appear in four states namely Solid, Semi solid, Plastic, Liquid. In each state the consistency and behavior of a soil is 
different and thus so are its engineering properties. Thus, the boundary between each state can be defined based on a change 
in the Soil’s behavior. These limits were created by Albert Atterberg, a Swedish Chemist in the late 1980s. The limits were 
later refined by Arther Casagrande.  
1.2 Plasticity Index:    
  Plasticity Index is the numerical difference between the liquid limit and the plastic limit of a fine grained soil. 
1.3 Soil: Soil is sediment or other unconsolidated accumulation of solid particles produced by the physical and/or chemical 
disintegration of rock. Soil may or may not contain organic material. 
1.4 Stabilizing Agent: A stabilizing agent is a mechanical, chemical or bituminous additive used to maintain or increase the 
properties of soil or other material used in construction. 
 
2. Characteristics of Black Cotton Soil with Cement Dust and Lime[3,6] 
BC Soil is considered as a very poor type of soil having black colour with very fine grain. This type of soil contains pure 
clay particles with about 85-100 percentages passing through 75 micron Sieve. Atterberg Limits tested in laboratory is 
tabulated in Table-1. The test shows the Liquid limit for BC Soil samples are ranging 55-60 and Plastic Limit for the same 
ranges 30-40. Thus Plasticity Index of BC Soil found to the range of 20-35. At the liquid limit, the volume change is of the 
order of 200 to 300% and results in swelling pressure as high as 8 kg/cm2 to 10 kg/cm2. As such BC Soil has very low 
bearing capacity and high swelling and shrinkage characteristics. Due to its peculiar characteristics, it forms a very poor 
foundation material for construction. 
 
Table-1 Natural Properties of Black Cotton Soil 
 
Sr.No. Property of BC Soil % 
1 Liquid Limit 59.79 
2 Plastic Limit 36.8 
3 Plasticity Index 22.99 
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Table-2 Properties of Cement Waste Dust 
 
SrNo Property of Cement Dust % by Weight 
## 
1 Silicon Dioxide, SiO2 18.5 
2 Aluminum Oxide, Al2O3 13.5 
3 Iron Oxide, Fe2O3 0.62 
4 Calcium Oxide, CaO 14.02 
5 Magnesium Oxide, MgO 0.84 
6 Percentage Finer (%) 94.33 
7 Specific Gravity 2.86 
## - As per test conducted at NSIC Certi SrNo. 15837 24/8/12, Rajkot[12] 
 
   Cement Dust used in the test is provided by Saurashtra Cement & Chemicals Limited, Ranavav Dist. Porbandar 
(Renowned by the Brand- HATHI CEMENT). It is an industrial waste, in a dust form, collected from packing department as 
dust settled on the floor during the automatic packing of bags of Portland cement. The cement dust possesses the chemical 
properties as tabulated in Table-2. As it is a dust formation, properties differs slightly than the basic properties of cement. 
Table-3 shows the difference in properties of Lime Powder. 
 
Table-3 Properties of Lime Powder[13] 
 
SrNo Property of Lime Powder % by Weight 
1 Silicon Dioxide, SiO2 4 
2 Aluminum Oxide, Al2O3 1.21 
3 Iron Oxide, Fe2O3 1.82 
4 Calcium Oxide, CaO 40.24 
5 Magnesium Oxide, MgO 0.16 
 
Lime Powder used in the test is collected from the quarry of Lime situated near Ranavav Dist. Porbandar. It is the raw 
material for manufacturing of Cement. Usually, lime has a great influence to the temperature. The properties above 
tabulated are measured at room temperature, in range 27 to 30 degree centigrade. Use of lime with increased percentage in 
BC Soil was examined for stabilization purpose and the result was evaluated.   
2.1. Stabilization/Modification Process for the Black Cotton Soil 
2.1.1 Atterberg’s Limit for modified BC Soil[9] 
       During the laboratory experiments, the BC Soil sample was first pulverized, soaked in water for 24 hours and the 
vegetations was removed. After drying in oven, the BC Soil was than tested in its natural state for the Atterberg Limits, 
according to relevant IS Code. The test results obtained are showing the basic nature of the BC Soil. Plasticity Index of the 
BC Soil, calculated, is 23. Liquid Limit and Plastic Limit also achieved to the higher side with average value of 59% and 
36% respectively. This BC soil will definitely not suitable for civil construction work on it. The swell pressure and other 
parameters may also target of investigation. But this paper is only pertaining to one index property and UCS test. To achieve 
the modified Plasticity Index with the use of stabilizing agents, oven dried sample of BC Soil passing 425μ was prepared 
and first test was done using only cement dust, thoroughly mixed. Second test was conducted using cement dust and lime 
with 50-50 percentage basis with BC Soil. Finally, third test was carried out with pure lime powder. In each test the 
stabilizing agent was added ranging from 1% to 9%. Total 87 samples, 3 types-3 samples for each percentage, were 
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prepared and all were saturated by water for twenty four hours. It was sufficient time for the mixed sample to get 
consistently saturate. Samples were tested as per IS Code 2720-1992(Part-V). The Atterberg Limits were measured as 
tabulated in Table-4 (i), (ii) and (iii)                
 
Table -4(i) Average value of Test results of samples of BC Soil by adding various percentages of cement dust 
 
Sr 
No 
Item Nat_Co
nd 
C_dust
1% 
C_dust
2% 
C_dust
3% 
C_dust
4% 
C_dust
5% 
C_dust
6% 
C_dust
7% 
C_dust
8% 
C_dust
9% 
1 Liquid Limit 59.79 52.02 49.60 43.21 39.09 38.68 36.13 33.15 32.25 32.00 
2 Plastic 
Limit 
36.80 36.00 34.50 29.90 28.70 28.60 23.60 22.00 21.00 20.70 
3 Plasticity Index 22.99 16.02 15.10 13.31 10.39 10.08 12.53 11.15 11.25 11.30 
 
Table-4(ii) Average value of Test results of samples of BC Soil by adding various percentages of cement dust + Lime 
 
Sr
No Item 
Nat_C
ond 
C_Lime
1% 
C_Lime
2% 
C_Lime
3% 
C_Lime
4% 
C_Lime
5% 
C_Lime
6% 
C_Lime
7% 
C_Lime
8% 
C_Lime
9% 
1 Liquid Limit 59.79 53.14 51.14 50.64 44.56 42.22 40.37 38.00 37.40 37.25 
2 Plastic Limit 36.80 36.70 36.80 35.60 33.00 30.20 30.00 28.50 28.10 28.00 
3 Plasticity Index 22.99 16.44 14.34 15.04 11.56 12.02 10.37 9.50 9.30 9.25 
  
 
Table-4(iii) Average value of Test results of samples of BC Soil by adding various percentages of Lime 
 
SrNo Item Nat_Cond Lime1% Lime2% Lime3% Lime4% Lime5% Lime6% Lime7% Lime8% Lime9% 
1 Liquid Limit 59.79 54.13 52.77 47.77 44.86 43.23 39.83 37.94 36.35 35.70 
2 Plastic Limit 36.80 37.00 37.20 36.40 35.30 34.60 30.90 29.20 28.00 27.20 
3 Plasticity Index 22.99 17.13 15.57 11.37 9.56 8.63 8.93 8.74 8.35 8.50 
 
2.1.2 Compressive Strength Determination for Modified BC Soil[4] 
 The cement dust and lime separately and jointly used as stabilizing agent for the investigation of the BC Soils of 
Rajkot District. To know the effect of these agents in strength criteria, unconfined compressive strength test was carried out. 
Moisture content, used with each of agent, was taken the optimum plastic limit value at the percentage by which stabilizing 
agent was added and reflects the minimum value of plasticity index. Total 18 x 3 = 54 cylindrical samples of 50 mm 
diameter and 60 mm height were prepared to test Compressive strength at 3, 5, 7, 14, 21, 28 days of curing in a atmosphere 
maintained at 27 degree - 30 degree humidity, minimizing the loss of moisture content in excessive amount by wrapping the 
samples with wet jute cloth sheets. Table-5 shows the test results and Figure-2 indicates the strength development of BC 
Soil with each of the 4modifying agent. 
 
Table-5 Compressive Strength of BC Soil samples modified with stabilizing agents 
 
BC Soil+ Cement Dust BC Soil+ Cement Dust+ Lime BC Soil + Lime 
Days Comp Load Compressive Strength Comp Load Compressive Strength Comp Load Compressive Strength 
N N/mm2 N N/mm2 N N/mm2 
3 1960 1.00 1470 0.75 980 0.50 
5 2430 1.24 2240 1.14 1750 0.89 
7 5880 3.00 3910 1.99 3120 1.59 
14 12250 6.24 10780 5.49 9780 4.98 
21 21560 10.99 18550 9.45 15460 7.88 
28 34300 17.48 28380 14.46 21420 10.91 
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Figure-2 Test results of Compressive Strength Test of BC Soil with combination of stabilizer 
2.2. Comparison and  Discussion of Test Results 
3. [1] BC Soil + Cement dust:  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure-3 Relation set for the BC Soils with cement waste dust for Plasticity Index 
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Cement dust mixed samples of BC soil had given very satisfactory results in Laboratory. As the percentage of the cement 
dust increases, the Atterberg’s Limit also improves to a considerable level. Up to 4% of the cement dust, the BC Soil till 
continues to behave as semi compressive type material and then after, from 5% to 9%, BC Soil abruptly shows the changes 
in its properties under test. Again at the higher percentage of cement dust, BC Soil requires more saturation to attain the 
Liquid limit and the plastic limit. According to the test result, BC Soil at 6% and 7% percentage of cement dust gives the 
optimum results. After 7% of cement dust, the BC Soil has its Liquid Limit at lower optimum level with the previous 
percentage, but plastic limit value lowers more than its previous reading, hence increases the plasticity index. This happens 
on account of increased value of dust mixture which requires less water content as consistency of paste of cement dust also 
becomes active. Fine particles of cement dust create very good cohesion among the soil particles by filling the voids 
between the soil particles. The natural behavior of cement exhibits in cement dust also. Due to which plasticity of the BC 
Soil affects at higher percentage but gives positive results up to certain limit. The chemical content of cement dust helps the 
BC soil in one or other way. Sio2 of cement dust is about 20%; this content is producing a viscous gel for the cementing 
material. It will bind the particles of BC Soil with the gel and so plasticity will be strong at low water content. MgO (0.8%) 
and Al2O3 (5.7%) both have much influence on Beta Form, which is a media for stabilization in cement. If the percentage of 
both reduced to 1%, it is responsible for stabilization of paste. Overall, chemical compositions of cement dust have great 
sway to the stabilization process. BC Soil with cement dust seems to be a good mixture for water bound properties as far we 
have tested. The results obtained are presented in graphical way to interpret easily with the view to proper utilization. 
Figure-3 is the Column chart showing the relation obtained among liquid limit, plastic limit and plasticity index. A crystal 
clear comparison directs to the optimum value of the mixing cement dust. 
 
[2] BC Soil + Cement dust + Lime: 
 
 
Figure-4 Relation set for the BC Soils with cement waste dust & Lime for Plasticity Index 
 
Cement dust and lime powder had also a reasonable task done as a stabilizing agent for BC Soil. This mix powder was 
utilized 50-50 percentage. Plasticity index of the BC Soil mixed with cement dust and lime ranging 1% to 9% was obtained 
for numbers of sample. Liquid Limit gradually decreases but it was observed that the rate of reduction in Liquid Limit 
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compare to first agent was very slow starting from 59.79% to 37.25% at 9% mix. Also Plastic Limit value is slowly stepping 
down with the change in mix percentage, indicating effect of the presence of Lime. Plasticity Index although reduced but 
the remarkable value is not obtained. At 9% of mix as a stabilizer, PI obtained is 9.25. It shows initial constant value up to 
3-4%. Then after agent started showing its effect. Lime content does a slow improvement in PI value of BC Soil. Figure-4 is 
showing the column chart for this combination.  
 
[3] BC Soil + Lime: 
 
     Third option used as stabilizer is Lime powder. Only lime powder ranging from 1-9% by weight of BC Soil was 
mixed and tested for the Atterberg’s Limit. Lime content seems very light dose as stabilizer. After a significant value, lime 
started becoming effective to BC Soil. PI value is reduced to a great extent, but compare to first two agents, lime is not 
much effective to the BC Soil. Furthermore, in the presence of water, lime has tendency to generate heat. This causes the 
loss of moisture from the BC Soil. Calcium oxide also creates problems of honeycomb structure of soil layer after 
stabilization. It was observed while preparing the samples of Compressive strength that the lime contained BC Soil has 
voids formation after required compaction was done.  Figure-5 represents the PI comparison with value of Liquid Limit and 
Plastic Limit at different percentage of Lime mixed with BC Soil.  
 
 
 
 
Figure-5 Relation set for the BC Soils with Lime for Plasticity Index 
 
Compressive Strength Test:  As presented in the Figure-2, cement dust stabilized samples gained maximum strength 
compare to other two stabilizing agents, minimum being the Lime. The gap in strength among three groups remained 
virtually constant throughout the period of test. All samples continued to increase the strength with the days.    
4. Conclusion:  
 
    Comparing three groups used in this study, Cement dust provides substantial and durable benefits when used as 
stabilizing agent for BC Soil, based on results observed and descried in this study. There is a significant change in 
plasticity index of BC soil used with cement dust. Other two groups have also favorable results but selecting among 
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three, cement dust is recommended for the specific soil with prior tests in laboratory before use. Further scope in this 
study is to check the effect of Plasticity Index and UCS on CBR value of BC Soil. 
 
Table-6 Final Summary of values for BC Soil with stabilizer 
 
Type of Stabilizing 
agent 
Optimum Percentage 
used in BC Soil LL  -    PL    =    PI 
Compressive 
Strength(N/mm2) 
Cement Dust 7% 33.15   -   22  = 11.15 17.47 
Cement Dust + Lime 9% 37.25   -   28  =   9.25 14.46 
Lime 8% 36.35   -   28  =   8.35 10.91 
 
 
Figure-6 Plasticity Index Comparison of BC Soil with all three combinations of stabilizing agents 
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